Objectives: Our aim was to evaluate the effect of clinical varicocele on testicular microcirculation measured by spectral Doppler analysis and investigate the correlation between Doppler ultrasonographic findings and semen parameters. Methods: Fifty patients who received a diagnosis of clinical varicocele in the Urology Department of our university hospital were enrolled in this prospective study. Varicocele grades were determined according to sonographic parameters, and a scrotal vein with a diameter of 2.5 mm or greater on color Doppler ultrasonography was included in the study. Spectral Doppler measurements of testicular arteries (peak systolic [PSV]/end-diastolic velocity [EDV], resistivity index [RI], pulsatility index [PI]) were measured from capsular and intratesticular branches of testicular arteries. All the patients were also assessed by semen analysis. Results: Mean age was 29.08 T 5.42 years (range, 18Y45 years). Among the whole study population, 22 men had isolated left varicocele, and 28 had bilateral varicoceles. No statistically significant correlation was found between the Doppler parameters: RI, PI, and EDV, and semen analysis parameters: count, motility, volume, and morphology. On the other hand, both in unilateral and bilateral varicocele cases, PSV was found to be significantly correlated with sperm count (P G 0.05). Conclusions: Spectral Doppler analysis can provide valuable information as a noninvasive method to assess the hemodynamic changes and testicular microcirculation status in cases of clinical varicocele. However, RI, PI, and EDV values of capsular and intraparenchymal branches of testicular arteries may not be used as indicators of semen parameter deterioration. Hopefully, PSV measurement may give more conclusive data to predict sperm count. In addition, the cutoff value for this index has to be determined for future studies. 1 Even though it is reported in 15% to 22% of adult male population, it is identified in 30% to 40% of men who refer with infertility research. So, varicocele is one of the most frequent causes of infertility among men referring to infertility clinics as the most common reason of male infertility. 2 Varicocele may cause infertility by progressive testicular damage and interrupting spermatogenesis. The effects of varicocele on fertility include semen abnormalities (disruption in sperm count, motility, and morphology), decrease in testicular volume, and decrease in Leydig cell function.
V
aricocele is characterized by the retrograde blood flow of testicular veins and abnormal folding and dilatation of pampiniform plexus. 1 Even though it is reported in 15% to 22% of adult male population, it is identified in 30% to 40% of men who refer with infertility research. So, varicocele is one of the most frequent causes of infertility among men referring to infertility clinics as the most common reason of male infertility. 2 Varicocele may cause infertility by progressive testicular damage and interrupting spermatogenesis. The effects of varicocele on fertility include semen abnormalities (disruption in sperm count, motility, and morphology), decrease in testicular volume, and decrease in Leydig cell function. 3 The clinical diagnosis of varicocele is made by physical examination in a warm room, 4 but the specificity of this assessment is only about 70%. 5, 6 In contrast, spectral Doppler analysis has a sensitivity of approximately 97% and a specificity of 94%. 6 For today, color Doppler ultrasonography (CDUS) was regarded as the criterion standard diagnostic tool in the assessment of varicocele. On the other hand, some authors do not recommend CDUS as a routine practice in the diagnosis of varicocele. 7 These authors find CDUS useful only when physical examination is indeterminate.
Because varicocele is a vascular event, there have been many studies focused on vascular structures to provide information about pathophysiology. In animal experiments, there are contradictory results about varicocele and testicular blood flow changes. To date, arterial spectral Doppler investigations were mostly done in spermatic cord, trunk, and testicular hilus. However, testicular arterial blood flow is granted via an anastomotic complex network created by testicular, vasal, and cremasteric arteries. Complex anatomy of supratesticular arteries might cause various and wrong measurements; thus, it might not reflect the true hemodynamic situation in testicular microcirculation. This might explain the controversial results in earlier studies. To prevent this limitation, we aimed to measure capsular and intratesticular branches of testicular artery through spectral Doppler analysis. To the best of our knowledge, the current study is the first that evaluated and compared spectral Doppler examinations of capsular and intraparenchymal branches with semen analysis findings.
In this prospective study, hemodynamic parameters obtained from testicular capsular and intratesticular arteries from clinical varicocele patients such as resistivity index (RI), pulsatility index (PI), peak systolic velocity (PSV), and end-diastolic velocity (EDV) were compared with semen analysis findings.
MATERIALS AND METHODS
We started our study after obtaining ethical committee approval.
Patient Selection
We included 50 patients who had been referred to Department of Urology of our university hospital with prediagnosis of varicocele. Scrotal CDUS and semen analysis were done in all cases. We examined 100 testicles from 50 patients. The reasons for patients' referral to urology policlinics were testicular pain and the absence of pregnancy despite unprotected intercourse for at least 1 year. Inclusion criteria were examination by a urologist and clinical prediagnosis of varicocele. Patients with undescended testis, inguinal hernia, hydrocele or genitourinary trauma, infection, scrotal mass, or scrotal surgery history were excluded from the study. All patients were informed about the procedure. All patients provided written informed consent.
Ultrasonography
All examinations were carried out by the same radiologist (I.S.). The patients were examined in supine position, and the scrotal contents on both sides were visualized. Color Doppler ultrasonography examinations were done with GE Logic 9 (GE Healthcare, Milwaukee, Wis). In examinations, 10-MHz linear probe was used. Examinations were done with gray-scale, color, and spectral analysis modes. Doppler spectral waveforms were in minimal PRF (pulse repetition frequency) to prevent ''aliasing'' artifacts, in maximal gain setting to prevent noise, and after minimal wall filter and suitable window width. All examinations were done 30 to 60 degrees in Doppler mode. We assessed testicular echogenicity and homogenicity in grayscale US while the patient was in supine position and breathing normally. Bilaterally homogenous testicular volumes were calculated via a software after measuring the 3 largest diameters of each testis. Assessment of plexus pampiniformis was done by identifying the varicose vein with largest diameter and then measuring the diameter increase after Valsalva maneuver (Fig. 1) . We coded plexus pampiniformis veins in color with duplex Doppler mode and observed whether reflux occurs via eupnea and Valsalva maneuver. For left varicocele, after Valsalva maneuver, the widest vein diameter of at least 2.5 mm was accepted as clinical varicocele. In men who had 2.5-mm and/or wider varicose vein and reflux flow on the left side, having reflux in the right side regardless of right vein diameter was accepted as bilateral varicocele. Reflux, whether Valsalva-induced or spontaneous, defined as caudate flow in the internal spermatic vein, was considered abnormal if it lasted longer than 1 second. Patients without reflux, or with Valsalva-induced reflux for a time period of less than 1 second, were considered normal.
Next, we determined the arterial trace by coding scrotal artery capsular and intraparenchymal branches by color code in duplex Doppler mode with colored examination. Then we passed to spectral examination. Measurements were recorded when we received at least 3 consecutive similar waveforms. We measured PSV and EDV in capsular and intraparenchymal branches of testicular artery for each testis (Figs. 2 and 3 ). Doppler spectral waveforms were optimized by using the lowest pulse repetition frequency possible without aliasing, the greatest gain possible without background noise, a low-wall filter, and a 1-to 2-0mm Doppler gate. Evaluation included obtaining waveforms in the capsular and parenchymal branches of the testicular arteries. Multiple Doppler waveforms were obtained from 3 vessels of capsular and intraparenchymal arteries, and the values for each testis were averaged. The angle correction cursor was adjusted parallel to the direction of flow and always less than 60 degrees. This correction was performed in all spectral Doppler measurements (Figs. 2 and 3) . Peak systolic velocity, EDV, and mean flow velocity were measured directly. Then, measurements of the RI and PI were performed with the use of online calculation software. Relationship between spectral Doppler parameters obtained from each testis (PSV, EDV, RI, PI) and semen analysis parameters (semen volume, sperm count in millimeters, total motility, progressive motility, normal sperm morphology) was compared.
Semen Analysis
Semen analyses were done in the biochemistry laboratory of our university hospital with proper sperm samples taken from patients after 3 days of sexual abstinence. Hormonal evaluations were required in patients who had less than 10 million sperms per milliliter (follicle-stimulating hormone, luteinizing hormone, free testosterone, prolactin). Patients who had less than 5 million sperms per milliliter underwent a genetic evaluation. In our study, we used semen volume (in mL), sperm count per milliliter (in million/mL), total motility (in %), progressive motility (in %), and normal morphology criteria. Lower reference limits (fifth centiles and 95% confidence intervals) for semen characteristics were defined as follows in the recent World Health Organization Manual for Semen Analysis.
Normal value for seminal plasma volume was accepted as 1.5 mL (1.4Y1.7 mL). Normal value for total sperm count was considered as 39 million per ejaculate (33Y46 million per ejaculate). Sperm concentration of 15 million/mL (12Y16 million/mL) was accepted as normal. Normal value for total motility was 40% (38%Y42%). Normal value for progressive motility was accepted as 32% (31%Y34%). Normal value for sperm morphology was accepted as 4% (3.0%Y4.0%).
Statistical Analysis
In our study, we used SPSS for Windows 18.0 (Chicago, Ill) for analyses. Continuous variables obtained after measurements in our study were given in means, SD, and minimum and maximum values. In the study, variable compliance with normal distribution was tested via Shapiro-Wilk test. We used Spearman correlation coefficient to analyze the relation between continuous variables in the study. P = 0.05 was considered as statistically significant.
RESULTS
Mean age was 29.08 T 5.42 years (18Y45 years). Among the whole study population, 22 men had isolated left varicocele, and 28 had bilateral varicoceles. Mean RI, PI, PSV, and EDV values for the whole study population are given in Table 1 . When we analyzed all patient groups, we found a strong positive correlation between left and right testis volumes and sperm count (P G 0.001) ( Table 2) . Mean values for semen analysis parameters are given in Table 3 .
When 28 patients with bilateral varicocele were analyzed; there was no significant correlation between left parenchymal and capsular testicular artery RI, PI, and EDV values and semen analysis parameters. However, there was a positive correlation between left capsular testicular artery PSV values and sperm count (r = 0.408; P = 0.031). There was no significant correlation between right parenchymal and capsular testicular artery RI and PI values and semen analysis parameters. We found a weak positive correlation between right capsular testicular artery PSV and sperm count (r = 0.439; P = 0.020). When EDV was considered, relevant Q and P values were 0.432 and 0.022, respectively.
In the statistical analysis of 22 patients with left-sided varicocele, no significant correlation was demonstrated when left parenchymal and capsular artery RI, PI, and EDV values and semen analysis parameters were compared. We found a significant correlation only between left capsular artery PSV value and progressive sperm motility (r = 0.451; P = 0.035).
When we analyzed whole patient group (n = 50), correlation analysis data between spectral Doppler analysis findings on the left side and semen analysis parameters are listed in Table 3 . Correlation analysis data between spectral Doppler analysis findings on the right side and semen analysis parameters are also given in Table 4 . As demonstrated in Tables 4  and 5 , no statistically significant correlation was found between the Doppler parameters: RI, PI, and EDV, and semen analysis parameters: count, motility, volume, and morphology. On the other hand, both in unilateral and bilateral varicocele cases, PSV was found to be significantly correlated with sperm count.
DISCUSSION
Varicocele is defined as the reversal of blood flow in internal spermatic vein due to venous valve deficiency in pampiniform plexus and dilatation of venous structures in scrotum. 8, 9 Varicocele can be easily shown with standard ultrasonographic examinations and can be confirmed by CDUS. Color Doppler ultrasonography provides a noninvasive assessment of testicular arterial and venous structures and helps to determine certain pathologies.
Color Doppler ultrasonography has 83% to 95% sensitivity for identifying subclinical varicocele. 10, 11 Vein diameter was reported as the best predictive parameter among 3 sonographic diagnostic criteria (wide vein diameter, retrograde Data are given as mean T SD (minimum-maximum).
venous flow during Valsalva maneuver, and venous curling). The first 2 criteria were widely used as diagnostic criteria in varicocele. 11Y16 A variety of cutoff values were suggested for the lowest value of vein diameter (between 2 and 3 mm). 12Y14,17 Vein diameter change during Valsalva maneuver has also been suggested as a diagnostic criteria. 8, 16, 18 Recently, values such as the sum of vein diameters, flow volume, retrograde flow time, and existence of retrograde flow during inspiration or increase in normal flow have been suggested for the sonographic diagnosis of varicocele. 1, 16, 19, 20 A commonly used US criterion for varicocele is the existence of a vein larger than 2 mm in diameter.
21Y23 Whereas some authors supported that a vein at least 3 mm in diameter would be enough for the diagnosis, some other authors supported that at least 2 veins with 2-mm diameter would only confirm the diagnosis of varicocele. 18 McClure et al 24 defined the sonographic diagnosis of varicocele as a vein diameter larger than 3 mm during relaxation or if a vein diameter increases with Valsalva maneuver. Gonda et al 22 reported 95% sensitivity with a cutoff value of 2 mm for vein diameters. In current study, we used 2.5-mm vein diameter for cutoff value in left varicocele cases to form a homogenous group. Fifty patients in our study group had left varicocele. Patients with left varicocele who had backflow in right pampiniform plexus veins and increased vein diameter after Valsalva maneuver were accepted as bilateral varicocele.
Increased intrascrotal temperature due to venous stasis is one of the mechanisms that was accused in the etiology of infertility in varicocele cases. The cooling effect of outgoing venous plexus to maintain low intrascrotal temperature was decreased in venous stasis cases. However, the exact mechanism how the temperature affects spermatogenesis remains unclear. 25 Although testicular venous pH and oxygen and carbon dioxide pressure measurements were found to be insufficient to show venous stasis effect, venous hypertension in peritesticular veins was reported as the constant feature of varicocele. Presumably, this hypertension is responsible for the pathological changes in cord veins and testis. Also, it may prevent testicular blood flow and cause ipsilateral testicular atrophy. Intrarenal arterial resistance might increase in case of venous thrombosis (including partial thrombosis), and in children, 10% increase in arterial renal RI because of venous stasis due to renal vein thrombosis might be observed. 26 Platt et al 27 reported that in renal vein thrombosis, end-diastolic flow in intrarenal arteries might disappear or may cause increase in RI due to reverse flow. Ak0ar et al 28 hypothesized that, in men with varicocele, scrotal venous hypertension might cause increased intratesticular RI. However, statistically significant differences between left and right testis intratesticular RI both in patient and control groups were not observed in their trial. In our study, our results were similar with the data of Ak0ar et al. We also could not find a significant difference between right and left testis RI and PI values. No correlation was noticed between those Doppler indices and semen analysis parameters. Hence, for today, it is not possible to say that RI and PI values are predictive parameters in clinical varicocele cases.
Of all the hypotheses that explain dysspermia, experimental studies published in the first half of 1990s reported the most probable mechanism related to microvascular circulation of testis. 29Y31 Sweeney et al 29 suggested that increased venous pressure affects testicular microvascularization and circulation with a down-regulation above the arterial flow to balance the homeostasis of intratesticular pressure. 33 The presence and mechanism of venous pressure changes related to varicocele had been argued for a long time, and it reflects the contradiction about the pathogenesis of varicocele. Increased venous pressure might affect the blood flow and microvascularization of testis to balance the intratesticular pressure homeostasis by down-regulating the arterial flow. 31 In their experimental study, Sweeney et al 29 reported that more than 90% of venous pressure increase after ligation of venous flow collaterals or after partial occlusion in distal pampiniform plexus vein flow was directed to postcapillary venules. Sweeney et al 30 also reported that venous pressure increase results in increased capsular arterial pressure compensated with arterial vasoconstriction. Thus, chronic precapillary vasoconstriction may cause a detrimental effect on nutritional support of testis and may deteriorate spermatogenesis.
Moreover, increased venous pressure may cause changes, in intratesticular oncotic/hydrostatic pressures and in the transport environment of key hormones. So the direction of microvascular fluid change might also be affected. Hsu et al 31, 32 proved this hypothesis in their rat experiments. Rats with varicocele had lower ''adenine nucleotide concentration'' and ''nicotinamide adenine dinucleotideYcytochrome c reductase activity'' in their testis. These studies suggest defective mitochondrial oxidative phosphorylation or defective energy metabolism in testis with varicocele. In the study by Sweeney et al, 30 mean 19.7 mmHg ipsilateral venous pressure increase in pampiniform plexus was shown when compared with control group. Difference of pressure was increased up to 22 mmHg with Valsalva maneuver.
Whereas some animal experiments reported increase in testicular blood flow in the presence of varicocele, some others suggested decrease in blood flow in varicocele cases. Many researchers proved that in the presence of 1-sided varicocele, there is an increase in testicular blood flow bilaterally.
33Y35
Etiology for this situation is not fully understood. A damage in a certain organ might cause a response via hormonal or neural mechanisms in the contralateral organ. In another experimental study, right testis side blood flow was examined after left varicocele and left orchiectomy. Right testicular blood flow was found high despite left orchiectomy. Thus, it is conceivable that, in the presence of left varicocele, bilateral effect might not be caused with a hormonal signal from left testis. 36 In the study by Ross et al, 37 testicular blood flow of 248 varicocele patients and 34 fertile control subjects were compared with CDUS. They reported that varicocele did not change testicular blood flow significantly. A similar result was documented by Grasso et al. 38 In current trial, PSV was measured with CDUS in men with varicocele, in control subjects (without varicocele), and in control subjects with hypospermatogenesis. No statistically significant difference was noticed when patients were grouped according to the presence/absence of varicocele and varicocele grade if present.
Biagiotti et al 39 evaluated men with azoasthenospermia/ oligoasthenospermia using CDUS to identify if spectral analysis parameters had a role in discriminating dysspermia etiologic factors. Patients with varicocele (fertile or infertile) had the highest PSV and RI values. Even though PSV and RI values did not explain the relation between spectral Doppler analysis parameters and sperm count, authors concluded that these parameters were the reliable indicators in the routine assessment of men with infertility/dysspermia. Biagiotti et al 39 measured PSV, EDV, and RI values in testicular artery. In contrast, we measured those values in the capsular and intraparenchymal level to assess testicular microvascularity more reliably.
Besides the article of Biagiotti et al, 39 which investigated the correlation between CDUS findings and semen parameters, the only article in current literature is the study by Tarhan et al. 40 They evaluated 62 men with varicocele. In current study, flow velocities and flow volumes measured from testicular arteries in men with varicocele were significantly lower when compared with control group. There was a positive correlation, between sperm count and testicular artery blood flow and between left testicular volume and testicular artery blood flow. However, no statistically significant difference was noticed when arterial blood flow parameters (PSV, EDV, RI, PI) were compared between the control and patient groups. In this study, spectral Doppler analysis was also done at the main testicular artery level. Ü nsal et al 41 could not find a statistically significant difference in spectral Doppler measurements of intratesticularcapsular branches of right testicular artery and intratesticular branches of left testicular artery when study (men with varicocele) and control groups were compared. However, mean RI of capsular branches of left testicular arteries was significantly higher in the study group when compared with control subjects. Unfortunately, they did not investigate the correlation between spectral Doppler and semen analysis parameters.
Varicocele is more common in the left side, and isolated right varicocele is a rare pathology. For this reason, in current literature, isolated left-sided varicocele cases and the hemodynamic changes on that side were mostly evaluated. In our study, we tried to make bilateral spectral Doppler measurements to identify whether the healthy side was also affected. In patients with bilateral varicocele, we identified significant correlation between capsular testicular artery mean PSV value and sperm count in both testes. In men with isolated left varicocele, we also observed significant correlation between left capsular testicular artery mean PSV value and progressive sperm motility. However, in the same study population (isolated left varicocele cases), no significant correlation between right capsular testicular artery mean PSV value and progressive sperm motility was reported. According to us, these data suggest that PSV measurement on the diseased side can be used to assess vascular hemodynamics and its possible effect on semen analysis parameters.
In conclusion, spectral Doppler analysis can provide valuable information as a noninvasive method to assess the hemodynamic changes and testicular microcirculation status in cases of clinical varicocele. However, RI, PI, and EDV values of capsular and intraparenchymal branches of testicular arteries may not be used as indicators of semen parameter deterioration. Nevertheless, PSV measurement may give more conclusive data to predict sperm count. In addition, the cutoff value for this index has to be determined for future studies. Additional studies with greater sample size should also evaluate possible correlations more efficiently with the aid of multivariate analysis. 
